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A TREATMENT OF THE p-BL4S 

1. Introduction ----- __ 
Orhit  determination schemes  which do not accoc.nt for  the effect of earth 

model e r r o r s  will usual ly  fu  w i s h  a n  optimistic covariance matr ix .  

then to reslduals which :ire far outside their predicted "ange, thus severely 

limiting the> length of arc; over which the determination is valid. One of the 

itn1)ortnnt t~iotlel orrors arises f r o m  thc unc.ert:iinty of the earth's gravitational 

c.orrsl;itll p . 'I'hc trt?:Lfnwnf of this utwert:linty in the f o l l o w i q  analysis uses  1-1 

:IS :it1 ncidi t ionnl state vwiable  without, ho\c.ever, necessitating i ts  redetermination 

or the re-evaluation of its variance.  

This leads 

2 .  Aiialysi < 

:i. State covariance matr ix .  

The Q matr ix  will now be a 7 x 7 niatrix 

whei e Q, is the old (6 x 6) Q matrix and C (a c 6 x 11 matrix) 

is th: c r o s s  coi-rclation letween cu and p . It is initially zero. 
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C is i ts  tr:trisposc :~nd o is the varimce of p about its mean value. 
P I-L 

11. Upclating the  State Covariance Matrix __ 

The new state covariance matrix is updatt?d in time according to 

the forniula: 

The matrix SZ is given by: 
7 

hl 

W i c >  a (6 x I )  matrix olitained b y  differentiating the o!(t)'s with respect 

IS  the previous ly  oiitained state propagation matrix. 
G 

i see Appendix 1 
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This leads to the follc;wing update formulas: 

c’ . State ‘r txnsformation Matrix 

Since the equations connecting the Cartesian state and the a-s ta te  

invcilve p , a change in p must cause a change in the Cartesian s ta te  

i f  all the a’s are kept constant. The Cartesian state is described by 

t h e  (7 x I )  matrix 



TIM. Q state is described tJy 
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'I'hc statc transformation matrix is given by: 

i? Xi (t) 

-1 a.  (t) 
1 

s7  = 

ng tiianner : 

whe1.e T is a (6  x 1 )  matrix tlescrihed tJy 
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Similarly,  t h e  inverse state transformation mairix will be a (7  x 7) 

niaf rix 

' ? a  
a x  

i -- - -1 
or 

.. -1 
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7 7 
mat r k e s  gives 

S m u s t  equal I , and the matrix product of the partitioned 

I h e n  

o r  T - S V  . 
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'rhc determination of V is relatively simple since none of the Q ' S  

n 

v -  

fron wh i ( +  one c a n  determine 

T 

( 1 3)  
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The 'tovariance matrix of the observatiotl, 

* 
Y = N 7 Q  N t n ,  

7 7  
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At an olmzvat ion,  then, 

.h=[Q N* - C,(V* N*) J Y-' A y  

A% - - Q N * Y - ' N Q - Q N * Y - ' N V C * - C  v * N * Y -1 NQ 
M P  

+ c (V" * * Y -1 N V ) C * .  

P P 

nc,= r LQ N* - cP(v* N*) ] Y -1 \ N  1 cp - N V o 2 )  
CL 

6 '  
when-e N is the former N and Q is Q 

6 

T cculd be derived direct ly  by taking into account the following 

c:xwiderati( Ins: 

i, R 

v aP 
and - 1) Q and cz must  n o t  change as p changes, i .e. 13r - 

1 2 
must  be in the plane defined by R and R . 

2) o! 

Consequently: 

mus t  not change, hence - a R  must be paral le l  to  K . 
3cL 3 
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mu 5 t not  change . 

Ilence 

Si i lwl i tut in .  in tho expressions f o r  3 -- It :ind - >y it from equation (20) gives 

' P  " C L  

I t  [Kn R] + R*[K, R 1 K R ]  = 0 
2 

(2 i) 

(22) 
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(244) 
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1)iittiiig ttir ;e K coefficients 1,ac.k into equation (20) gives 

which is tb : smie 7' as 1)r'eviously determined. 

I O  

(25) 



APPENDIX 

Derivation of the W Matrix -- --_I 

'I'hc W matrix is a (6 x 1) matrix defined by 

Differenlial  ing MI. I - .  1. p (to) 
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In order to obtain W there is the general expressiGn 3 

come from the seventh colunln A Ho ;i rtO 
The exprcmions - and ---- 

of tho S _  matrix evaluated at t 
a P ($1 /J (t,) 

SO 
0 -  

1 

I ,  v 

- -  
2 

- -  1 
[ ( I 1  X R )  * { € I  X Ro) ( + ( H X R )  e (ko)b 1 2 I h v  2 

h 
1 [ -f do 2 

h2 2 F h v  2 

. h f  

2 p v  



3 

U s i n g  the  hird expression for 

d i 2 r  . .  
- [A;  0 0  
V 2 p  2 p  

2 2 
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